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(54) DISPLAY DEVICE

(57) A display device according to an embodiment
includes: a substrate; a first transistor and a second tran-
sistor disposed on the substrate and spaced apart from
each other; a first electrode connected to one of the first
transistor and the second transistor; a second electrode
overlapping the first electrode; and a light emitting layer
between the first electrode and the second electrode,
wherein the first transistor may include: a first semicon-
ductor layer on the substrate; a first gate electrode on
the first semiconductor layer; and a first source electrode
and a first drain electrode connected to the first semicon-
ductor layer, and the second transistor may include: a
second semiconductor layer on the substrate; a second
gate electrode on the second semiconductor layer; and
a second source electrode and a second drain electrode
connected to the second semiconductor layer, and the
first gate electrode and the second semiconductor layer
may be on the same layer.
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Description

BACKGROUND

(a) Field

[0001] The present disclosure relates to a display de-
vice.

(b) Description of the Related Art

[0002] Generally, as a display device, a liquid crystal
display (LCD), a light emitting diode (LED) display, and
the like are used.
[0003] A light emitting diode display includes two elec-
trodes and a light emitting layer disposed therebetween,
and an electron injected from a cathode, which is one
electrode, and a hole injected from an anode, which is
the other electrode, are coupled with each other in the
light emitting layer to generate an exciton, and the exciton
emits energy to emit light.
[0004] The light emitting diode display includes a plu-
rality of pixels including a light emitting diode including a
cathode, an anode, and a light emitting layer, and each
pixel includes a plurality of transistors and capacitors for
driving the light emitting diode.
[0005] The transistor includes a gate electrode, a
source electrode, a drain electrode, and a semiconductor
layer. The semiconductor layer is an important element
determining characteristics of the transistor. The semi-
conductor layer is mainly made of silicon (Si). Silicon is
classified into amorphous silicon and polycrystalline sil-
icon according to a crystal form. Amorphous silicon has
a simple manufacturing process, but has low charge mo-
bility, so it has limitations in manufacturing high-perform-
ance transistors, while polycrystalline silicon has high
charge mobility, but requires a step of crystallizing silicon,
increasing manufacturing cost and making the process
complicated. Recently, research has been conducted on
transistors using oxide semiconductors having higher
electron mobility and a higher ON/OFF ratio than amor-
phous silicon and having lower cost and higher uniformity
than polycrystalline silicon.

SUMMARY OF THE INVENTION

[Technical Problem]

[0006] Embodiments provide a display device that may
reduce a time and cost required for a manufacturing proc-
ess through a simple manufacturing process.

[Technical Solution]

[0007] A display device according to an embodiment
includes: a substrate; a first transistor and a second tran-
sistor disposed on the substrate and spaced apart from
each other; a first electrode connected to one of the first

transistor and the second transistor; a second electrode
overlapping the first electrode; and a light emitting layer
between the first electrode and the second electrode,
wherein the first transistor may include: a first semicon-
ductor layer on the substrate; a first gate electrode on
the first semiconductor layer; and a first source electrode
and a first drain electrode connected to the first semicon-
ductor layer, and the second transistor may include: a
second semiconductor layer on the substrate; a second
gate electrode on the second semiconductor layer; and
a second source electrode and a second drain electrode
connected to the second semiconductor layer, and the
first gate electrode and the second semiconductor layer
may be on the same layer.
[0008] The first gate electrode may include polycrys-
talline silicon doped with impurities.
[0009] The second semiconductor layer may include
polycrystalline silicon.
[0010] The first semiconductor layer may include an
oxide semiconductor.
[0011] The first transistor may be connected to the first
electrode.
[0012] The display device may include: a buffer layer
on the substrate; and a first gate insulating layer on the
first semiconductor layer, and the first semiconductor lay-
er may be between the buffer layer and the first gate
insulating layer, while the second semiconductor layer
and the first gate electrode may be on the first gate in-
sulating layer.
[0013] The display device may further include a second
gate insulating layer on the second semiconductor layer
and the first gate electrode, and the second gate elec-
trode may be on the second gate insulating layer.
[0014] A display device according to another embodi-
ment includes: a substrate; a first transistor and a second
transistor disposed on the substrate and spaced apart
from each other; a first electrode connected to one of the
first transistor and the second transistor; a second elec-
trode overlapping the first electrode; and a light emitting
layer between the first electrode and the second elec-
trode, wherein the first transistor may include: a first sem-
iconductor layer on the substrate; a first gate electrode
on the first semiconductor layer; and a first source elec-
trode and a first drain electrode connected to the first
semiconductor layer, and the second transistor may in-
clude: a second semiconductor layer on the substrate; a
second gate electrode on the second semiconductor lay-
er; and a second source electrode and a second drain
electrode connected to the second semiconductor layer,
and the first semiconductor layer and the second gate
electrode may be on the same layer.
[0015] The first semiconductor layer may include poly-
crystalline silicon, and the second semiconductor layer
may include an oxide semiconductor.
[0016] The second gate electrode may include poly-
crystalline silicon doped with impurities.
[0017] The display device may further include: a buffer
layer on the substrate; an insulating layer on the second
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semiconductor layer; and a first gate insulating layer on
the first semiconductor layer, and the second semicon-
ductor layer may be between the buffer layer and the
insulating layer, while the first semiconductor layer may
be between the insulating layer and the first gate insu-
lating layer.
[0018] The first gate electrode may be on the first gate
insulating layer, and the second gate electrode may be
between the insulating layer and the first gate insulating
layer.
[0019] A display device according to another embodi-
ment includes: a substrate; a first transistor and a second
transistor disposed on the substrate and spaced apart
from each other; a first electrode connected to one of the
first transistor and the second transistor; a second elec-
trode overlapping the first electrode; and a light emitting
layer between the first electrode and the second elec-
trode, wherein the first transistor may include: a first gate
electrode on the substrate; a first semiconductor layer
on the first gate electrode; and a first source electrode
and a first drain electrode connected to the first semicon-
ductor layer, and the second transistor may include: a
second semiconductor layer on the substrate; a second
gate electrode on the second semiconductor layer; and
a second source electrode and a second drain electrode
connected to the second semiconductor layer, and the
first gate electrode and the second semiconductor layer
may be on the same layer.
[0020] The first gate electrode may include polycrys-
talline silicon doped with impurities.
[0021] The first semiconductor layer may include an
oxide semiconductor.
[0022] The second semiconductor layer may include
polycrystalline silicon.
[0023] The display device may further include an aux-
iliary metal layer on the first semiconductor layer, wherein
the auxiliary metal layer and the second gate electrode
may be on the same layer.
[0024] The auxiliary metal layer may be between the
first semiconductor layer and the first source electrode
and between the first semiconductor layer and the first
drain electrode.
[0025] The auxiliary metal layer may directly contact
the first semiconductor layer.
[0026] The display device may further include: a buffer
layer on the substrate; and a gate insulating layer on the
buffer layer, and the first gate electrode and the second
semiconductor layer may be between the buffer layer
and the gate insulating layer.

[Advantageous Effects]

[0027] According to the embodiments, it is possible to
provide a display device that may reduce a time and cost
required for a manufacturing process through a simple
manufacturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 illustrates a cross-sectional view a partial area
of a display device according to an embodiment.
FIG. 2 illustrates a cross-sectional view a partial area
of a display device according to an embodiment.
FIG. 3 illustrates a cross-sectional view a partial area
of a display device according to an embodiment.
FIG. 4 illustrates a cross-sectional view a partial area
of a display device according to an embodiment.
FIG. 5, FIG. 6, FIG. 7, and FIG. 8 respectively illus-
trate a cross-sectional view of a partial area of a dis-
play device according to a manufacturing process.
FIG. 9 illustrates an equivalent circuit diagram of one
pixel of a display device according to an embodi-
ment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various differ-
ent ways, all without departing from the spirit or scope of
the present disclosure.
[0030] Parts that are irrelevant to the description will
be omitted to clearly describe the present disclosure, and
like reference numerals designate like elements through-
out the specification.
[0031] Further, in the drawings, the size and thickness
of each element are arbitrarily illustrated for ease of de-
scription, and the present disclosure is not necessarily
limited to those illustrated in the drawings. In the draw-
ings, the thicknesses of layers, films, panels, regions,
areas, etc. are exaggerated for clarity. In the drawings,
for ease of description, the thicknesses of some layers
and areas are exaggerated.
[0032] It will be understood that when an element such
as a layer, film, region, area, or substrate is referred to
as being "on" another element, it can be directly on the
other element or intervening elements may also be
present. In contrast, when an element is referred to as
being "directly on" another element, there are no inter-
vening elements present. Further, in the specification,
the word "on" or "above" means positioned (or disposed)
on or below the object portion, and does not necessarily
mean positioned (or disposed) on the upper side of the
object portion based on a gravitational direction.
[0033] In addition, unless explicitly described to the
contrary, the word "comprise" and variations such as
"comprises" or "comprising" will be understood to imply
the inclusion of stated elements but not the exclusion of
any other elements.
[0034] Further, throughout the specification, the
phrase "in a plan view" or "on a plane" means viewing a
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target portion from the top, and the phrase "in a cross-
section" or "on a cross-section" means viewing a cross-
section formed by vertically cutting a target portion from
the side.
Hereinafter, a display device according to an embodi-
ment will be described in detail with reference to the ac-
companying drawings. Hereinafter, a display device ac-
cording to an embodiment will be described with refer-
ence to FIG. 1. FIG. 1 illustrates a cross-sectional view
a partial area of a display device according to an embod-
iment.
[0035] Referring to FIG. 1, a substrate 110 includes a
first area PA1 in which a first transistor Ta is disposed
and a second area PA2 in which a second transistor Tb
is disposed. First, the first area PA1 will be described,
and then the second area PA2 will be described.
[0036] The substrate 110 may include a glass sub-
strate or a substrate in which a polymer layer and a barrier
layer are alternately stacked.
[0037] A buffer layer 111 is disposed on the substrate
110 corresponding to the first area PA1. The buffer layer
111 may include an inorganic insulating material such as
a silicon oxide, a silicon nitride, or the like, or an organic
insulating material. The buffer layer 111 may be a single
layer or a multilayer. For example, when the buffer layer
111 is a double layer, a lower layer thereof may include
a silicon nitride, and an upper layer thereof may include
a silicon oxide.
[0038] A first semiconductor layer 130a is disposed on
the buffer layer 111. The first semiconductor layer 130a
according to the embodiment includes an oxide semicon-
ductor.
[0039] The oxide semiconductor may include a com-
bination of a metal oxide such as zinc (Zn), indium (In),
gallium (Ga), tin (Sn), or titanium (Ti), or a metal such as
zinc (Zn), indium (In), gallium (Ga), tin (Sn), or titanium
(Ti), and an oxide thereof. More specifically, the oxide
semiconductor may include at least one of a zinc oxide
(ZnO), a zinc-tin oxide (ZTO), a zinc-indium oxide (ZIO),
an indium oxide (InO), a titanium oxide (TiO), an indium-
gallium-zinc oxide (IGZO), and an indium-zinc-tin oxide
(IZTO).
[0040] A first gate insulating layer 141 is disposed on
the first semiconductor layer 130a. The first gate insulat-
ing layer 141 may include an inorganic insulating material
such as a silicon nitride, a silicon oxide, or the like, or an
organic insulating material.
[0041] A first gate electrode 154a is disposed on the
first gate insulating layer 141. The first gate electrode
154a overlaps the first semiconductor layer 130a.
[0042] The first gate electrode 154a according to the
embodiment includes polycrystalline silicon doped with
impurities. The first gate electrode 154a is in a conductive
state as impurities are doped into polycrystalline silicon.
An impurity doped into the first gate electrode 154a may
be a group 5 element, and the first gate electrode 154a
may be n+ doped.
[0043] A second gate insulating layer 142 is disposed

on the first gate electrode 154a and the first gate insu-
lating layer 141. The second gate insulating layer 142
may include an inorganic insulating material such as a
silicon nitride, a silicon oxide, or the like, or an organic
insulating material.
[0044] A storage electrode 125a is disposed on the
second gate insulating layer 142. The storage electrode
125a may include at least one of copper, a copper alloy,
aluminum, an aluminum alloy, molybdenum, and a mo-
lybdenum alloy.
[0045] A storage capacitor may be configured by over-
lapping the first gate electrode 154a and the storage elec-
trode 125a in a plan view with the second gate insulating
layer 142 therebetween.
[0046] A first insulating layer 160 is disposed on the
storage electrode 125a and the second gate insulating
layer 142. The first insulating layer 160 may include an
inorganic insulating material such as a silicon nitride, a
silicon oxide, and an aluminum oxide, or may include an
organic insulating material.
[0047] A first source electrode 173a connected to the
first semiconductor layer 130a including the oxide sem-
iconductor and a first drain electrode 175a connected to
the first semiconductor layer 130a are disposed on the
first insulating layer 160.
[0048] The first source electrode 173a is connected to
the first semiconductor layer 130a through a first contact
hole 61 formed in the first insulating layer 160, the second
gate insulating layer 142, and the first gate insulating
layer 141. The first drain electrode 175a is connected to
the first semiconductor layer 130a through a second con-
tact hole 62 formed in the first insulating layer 160, the
second gate insulating layer 142, and the first gate insu-
lating layer 141.
[0049] The first source electrode 173a and the first
drain electrode 175a may include a metal film including
at least one of copper, a copper alloy, aluminum, an alu-
minum alloy, molybdenum, and a molybdenum alloy. The
first source electrode 173a and the first drain electrode
175a may include a single layer or a multilayer according
to embodiments.
[0050] A second insulating layer 180 is disposed on
the first source electrode 173a and the first drain elec-
trode 175a. The second insulating layer 180 covers and
flattens the first source electrode 173a and the first drain
electrode 175a. The second insulating layer 180 may in-
clude an organic insulating material or an inorganic in-
sulating material.
[0051] A pixel electrode 191, which is a first electrode,
is disposed on the second insulating layer 180. The pixel
electrode 191 may be connected to the first drain elec-
trode 175a through a contact hole formed in the second
insulating layer 180.
[0052] A partition wall 360 overlapping the second in-
sulating layer 180 and a portion of the pixel electrode 191
is disposed on the pixel electrode 191. The partition wall
360 has an opening 365 exposing the pixel electrode 191.
[0053] The partition wall 360 may include an organic
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material such as a polyacrylate resin and a polyimide
resin, or a siloxane-based inorganic material.
[0054] A light emitting layer 370, which is a light emit-
ting member, is disposed on the pixel electrode 191 ex-
posed by the opening 365. A common electrode 270 is
disposed on the light emitting layer 370 and the partition
wall 360. The pixel electrode 191, the light emitting layer
370, and the common electrode 270 may form a light
emitting diode.
[0055] Here, the pixel electrode 191 is an anode that
is a hole injection electrode, and the common electrode
270 is a cathode that is an electron injection electrode.
However, the present embodiment is not limited thereto,
and the pixel electrode 191 may be a cathode and the
common electrode 270 may be an anode according to a
driving method of the display device. Holes and electrons
are injected into the light emitting layer 370 from the pixel
electrode 191 and the common electrode 270, respec-
tively, and exitons generated by coupling the injected
holes and electrons fall from an excited state to a ground
state to emit light.
[0056] The light emitting layer 370 may include a low
molecular organic material or a polymer organic material
such as poly(3,4-ethylenedioxythiophene) (PEDOT).
The light emitting layer 370 may be formed as a multilayer
including a light emitting layer and at least one of a hole
injecting layer, a hole transporting layer, an electron
transporting layer, and an electron injecting layer. When
all of these are included, the hole injection layer is dis-
posed on the pixel electrode 191, which is an anode, and
the hole transport layer, the light emitting layer, the elec-
tron transport layer, and an electron injection layer may
be sequentially stacked thereon.
[0057] An encapsulation layer 400 for protecting the
light emitting diode may be disposed on the common
electrode 270. The encapsulation layer 400 may be
sealed to the substrate 110 by a sealant. The encapsu-
lation layer 400 may be formed of various materials such
as glass, quartz, ceramic, a polymer, and metal. Mean-
while, the encapsulation layer 400 may be formed by
depositing an inorganic film and an organic film on the
common electrode 270 without using a sealant.
[0058] Hereinafter, the second area PA2 will be de-
scribed. Detailed description of the constituent elements
described in the first area PA1 will be omitted.
[0059] The buffer layer 111 is disposed on the sub-
strate 110 corresponding to the second area PA2. In ad-
dition, the first gate insulating layer 141 is disposed on
the buffer layer 111.
[0060] A second semiconductor layer 157b is disposed
on the first gate insulating layer 141. The second semi-
conductor layer 157b includes polycrystalline silicon.
[0061] The second semiconductor layer 157b includes
a source region 152b connected to a source electrode
173b to be described later, a drain region 153b connected
to a drain electrode 175b to be described later, and a
channel region 151b disposed between the source region
152b and the drain region 153b. The source region 152b

and the drain region 153b are in a conductive state in
which impurities are doped into polycrystalline silicon.
The impurities doped into the source region 152b and
the drain region 153b may be a group 5 element, and
may be n+ doped.
[0062] The second gate insulating layer 142 is dis-
posed on the second semiconductor layer 157b and the
first gate insulating layer 141.
[0063] A second gate electrode 124b is disposed on
the second gate insulating layer 142. The second gate
electrode 124b overlaps the channel region 151b of the
second semiconductor layer 157b.
[0064] The second gate electrode 124b may include
at least one of copper, a copper alloy, aluminum, an alu-
minum alloy, molybdenum, and a molybdenum alloy.
[0065] The first insulating layer 160 is disposed on the
second gate electrode 124b and the second gate insu-
lating layer 142.
[0066] The second source electrode 173b connected
to the source region 152b of the second semiconductor
layer 157b and the second drain electrode 175b connect-
ed to the drain region 153b of the second semiconductor
layer 157b are disposed on the first insulating layer 160.
[0067] The second source electrode 173b and the
source region 152b are connected through a third contact
hole 63 formed in first insulating layer 160 and the second
gate insulating layer 142. In addition, the second drain
electrode 175b and the drain region 153b are connected
through a fourth contact hole 64 formed in the first insu-
lating layer 160 and the second gate insulating layer 142.
[0068] In the second area PA2, the second insulating
layer 180, the partition wall 360, the common electrode
270, and the encapsulation layer 400 may be sequentially
stacked on the second source electrode 173b and the
second drain electrode 175b.
[0069] Hereinafter, a stacking relationship between the
first transistor Ta disposed in the first area PA1 and the
second transistor Tb disposed in the second area PA2
will be described.
[0070] The first semiconductor layer 130a according
to the embodiment is disposed between the buffer layer
111 and the first gate insulating layer 141.
[0071] The first gate electrode 154a and the second
semiconductor layer 157b are disposed between the first
gate insulating layer 141 and the second gate insulating
layer 142. The first gate electrode 154a and the second
semiconductor layer 157b are disposed on the same lay-
er. The first gate electrode 154a and the second semi-
conductor layer 157b may include the same material, and
may be formed through the same manufacturing process.
[0072] Since the first gate electrode 154a may be si-
multaneously formed in the process of forming the sec-
ond semiconductor layer 157b, a separate gate electrode
forming process is not required, and thus the manufac-
turing process of the display device may be simplified.
[0073] The first gate electrode 154a and the second
semiconductor layer 157b include polycrystalline silicon.
In addition, the source region 152b and the drain region
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153b of the second semiconductor layer 157b and the
first gate electrode 154a may include poly crystalline sil-
icon doped with impurities.
[0074] The storage electrode 125a and the second
gate electrode 124b are disposed between the second
gate insulating layer 142 and the first insulating layer 160.
The storage electrode 125a and the second gate elec-
trode 124b may be formed in the same process, and may
include the same material.
[0075] The display device according to the embodi-
ment may include the first transistor Ta including an oxide
semiconductor and the second transistor Tb including
polycrystalline silicon. In this case, since the first gate
electrode 154a included in the first transistor Ta and the
semiconductor layer 157b included in the second tran-
sistor Tb may be formed through the same process, the
manufacturing process and the stacked structure may
be simplified.
Hereinafter, a display device according to an embodi-
ment will be described with reference to FIG. 2 and FIG.
4. FIG. 2, FIG. 3, and FIG. 4 illustrate a cross-sectional
view of a display device according to an embodiment,
respectively. A description of the same or similar constit-
uent elements as those of the embodiments described
above will be omitted.
[0076] First, referring to FIG. 2, the substrate 110 in-
cludes the first area PA1 in which the first transistor Ta
is disposed and the second area PA2 in which the second
transistor Tb is disposed. First, the first area PA1 will be
described, and then the second area PA2 will be de-
scribed.
[0077] The buffer layer 111 is disposed on the sub-
strate 110 corresponding to the first area PA1. An insu-
lating layer 131 is disposed on the buffer layer 111. The
insulating layer 131 may include an inorganic insulating
material or an organic insulating material.
[0078] Next, a first semiconductor layer 157a is dis-
posed on the insulating layer 131. The first semiconduc-
tor layer 157a includes polycrystalline silicon.
[0079] The first semiconductor layer 157a includes a
source region 152a connected to a source electrode
173a to be described later, a drain region 153a connected
to a drain electrode 175a, and a channel region 151a
disposed between the source region 152a and the drain
region 153a. The source region 152a and the drain region
153a are in a conductive state in which impurities are
doped.
[0080] The first gate insulating layer 141 is disposed
on the insulating layer 131 and the first semiconductor
layer 157a.
[0081] A first gate electrode 124a is disposed on the
first gate insulating layer 141. The first gate electrode
124a overlaps the channel region 151a of the first sem-
iconductor layer 157a. The first gate electrode 124a may
include at least one of copper, a copper alloy, aluminum,
an aluminum alloy, molybdenum, and a molybdenum al-
loy.
[0082] A second gate insulating layer 142 is disposed

on the first gate electrode 124a and the first gate insu-
lating layer 141.
[0083] A storage electrode 125a is disposed on the
second gate insulating layer 142. Although not shown in
the present specification, the storage electrode 125a may
be connected to a separate driving voltage line and the
like.
[0084] The storage electrode 125a and the first gate
electrode 124a may form a storage capacitor by overlap-
ping each other with the second gate insulating layer 142
therebetween.
[0085] A first insulating layer 160 is disposed on the
storage electrode 125a and the second gate insulating
layer 142.
[0086] The first source electrode 173a and the source
region 152a of the first semiconductor layer 157a are
connected through the first contact hole 61 formed in the
first insulating layer 160, the second gate insulating layer
142, and the first gate insulating layer 141. The first drain
electrode 175a and the drain region 153a of the first sem-
iconductor layer 157a are connected through the second
contact hole 62 of the first insulating layer 160, the second
gate insulating layer 142, and the first gate insulating
layer 141.
[0087] A second insulating layer 180 is disposed on
the first source electrode 173a and the first drain elec-
trode 175a.
[0088] A pixel electrode 191, which is a first electrode,
is disposed on the second insulating layer 180. The pixel
electrode 191 may be connected to the first drain elec-
trode 175a through a contact hole formed in the second
insulating layer 180.
[0089] A partition wall 360 overlapping the second in-
sulating layer 180 and a portion of the pixel electrode 191
is disposed on the pixel electrode 191. A light emitting
layer 370, which is a light emitting member, is disposed
on the pixel electrode 191 exposed by the opening 365
included in the partition wall 360. A common electrode
270 is disposed on the light emitting layer 370 and the
partition wall 360. The pixel electrode 191, the light emit-
ting layer 370, and the common electrode 270 may form
a light emitting diode. An encapsulation layer 400 for pro-
tecting the light emitting diode may be disposed on the
common electrode 270.
[0090] Hereinafter, the second transistor Tb disposed
in the second area PA2 will be described.
[0091] The buffer layer 111 is disposed on the sub-
strate 110, and a second semiconductor layer 130b is
disposed on the buffer layer 111.
[0092] The second semiconductor layer 130b accord-
ing to the embodiment includes an oxide semiconductor.
The oxide semiconductor may include a combination of
a metal oxide such as zinc (Zn), indium (In), gallium (Ga),
tin (Sn), or titanium (Ti), or a metal such as zinc (Zn),
indium (In), gallium (Ga), tin (Sn), or titanium (Ti), and an
oxide thereof. More specifically, the oxide semiconductor
may include at least one of a zinc oxide (ZnO), a zinc-tin
oxide (ZTO), a zinc-indium oxide (ZIO), an indium oxide
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(InO), a titanium oxide (TiO), an indium-gallium-zinc ox-
ide (IGZO), and an indium-zinc-tin oxide (IZTO).
[0093] The insulating layer 131 is disposed on the sec-
ond semiconductor layer 130b and the buffer layer 111.
The insulating layer 131 may include an inorganic insu-
lating material or an organic insulating material. A second
gate electrode 154b is disposed on the insulating layer
131.
[0094] The second gate electrode 154b may include
polycrystalline silicon doped with impurities. The second
gate electrode 154b is in a conductive state as impurities
are doped into polycrystalline silicon.
[0095] The first gate insulating layer 141, the second
gate insulating layer 142, and the first insulating layer
160 are sequentially disposed on the insulating layers
131 and the second gate electrodes 154b.
[0096] A second source electrode 173b connected to
the second semiconductor layer 130b and a second drain
electrode 175b connected to the second semiconductor
layer 130b are disposed on the first insulating layer 160.
[0097] The second source electrode 173b may be con-
nected to the second semiconductor layer 130b through
the third contact hole 63, and the second drain electrode
175b may be connected to the second semiconductor
layer 130b through the fourth contact hole 64.
[0098] The second insulating layer 180, the partition
wall 360, the common electrode 270, and the encapsu-
lation layer 400 are sequentially disposed on the second
source electrode 173b and the second drain electrode
175b.
[0099] Hereinafter, a stacking relationship between the
first transistor Ta disposed in the first area PA1 and the
second transistor Tb disposed in the second area PA2
will be described.
[0100] The second semiconductor layer 130b is dis-
posed between the buffer layer 111 and the insulating
layer 131.
[0101] The first semiconductor layer 157a and the sec-
ond gate electrode 154b are disposed between the insu-
lating layer 131 and the first gate insulating layer 141.
The first semiconductor layer 157a and the second gate
electrode 154b are disposed on the same layer. The first
semiconductor layer 157a and the second gate electrode
154b may include the same material, and may be formed
through the same manufacturing process.
[0102] The first semiconductor layer 157a and the sec-
ond gate electrode 154b include polycrystalline silicon.
The source region 152a and the drain region 153a of the
first semiconductor layer 157a and the second gate elec-
trode 154b may include polycrystalline silicon doped with
impurities.
[0103] Since the second gate electrode 154b may be
simultaneously formed in the process of forming the first
semiconductor layer 157a, a separate gate electrode
forming process is not required, and thus the manufac-
turing process may be simplified.
[0104] The display device according to the embodi-
ment may include the first transistor Ta including poly-

crystalline silicon and the second transistor Tb including
an oxide semiconductor. In this case, since the semicon-
ductor layer 157a included in the first transistor Ta and
the gate electrode 154b included in the second transistor
Tb may be formed through the same process, the man-
ufacturing process and the stacked structure may be sim-
plified.
[0105] Hereinafter, it will be described with reference
to FIG. 3. In FIG. 3, the first area PA1 in which the first
transistor Ta is disposed will be first described.
[0106] Referring to FIG. 3, the first gate electrode 154a
is disposed on the buffer layer 111. The first gate elec-
trode 154a may include polycrystalline silicon doped with
impurities.
[0107] A gate insulating layer 140 is disposed on the
first gate electrode 154a and the buffer layer 111.
[0108] The first semiconductor layer 157a is disposed
on the gate insulating layer 140. The first semiconductor
layer 157a according to the embodiment may include an
oxide semiconductor.
[0109] The first insulating layer 160 is disposed on the
first semiconductor layer 157a. A first source electrode
173a connected to a first semiconductor layer 130a in-
cluding an oxide semiconductor through a first contact
hole 61 and a first drain electrode 175a connected to the
first semiconductor layer 130a through a second contact
hole 62 are disposed on the first insulating layer 160.
[0110] Next, the second area PA2 in which the second
transistor Tb is disposed will be described.
[0111] The second semiconductor layer 157b is dis-
posed on the buffer layer 111 disposed on the substrate
110. The second semiconductor layer 157b includes
polycrystalline silicon.
[0112] The second semiconductor layer 157b includes
a source region 152b connected to a second source elec-
trode 173b, a drain region 153b connected to a second
drain electrode 175b, and a channel region 151b dis-
posed between the source region 152b and the drain
region 153b. The source region 152b and the drain region
153b are in a conductive state in which impurities are
doped.
[0113] The gate insulating layer 140 is disposed on the
second semiconductor layer 157b and the buffer layer
111. A second gate electrode 124b is disposed on the
gate insulating layer 140. The second gate electrode
124b may overlap the channel region 151b of the second
semiconductor layer 157b.
[0114] The second gate electrode 124b may include a
metal film including at least one of copper, a copper alloy,
aluminum, an aluminum alloy, molybdenum, and a mo-
lybdenum alloy. The second gate electrode 124b may
include a single film or multi-film according to an embod-
iment.
[0115] The first insulating layer 160 is disposed on the
second gate electrode 124b and the gate insulating layer
140.
[0116] The second source electrode 173b is connect-
ed to the source region 152b through the third contact
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hole 63 formed in the first insulating layer 160 and the
gate insulating layer 140. The second drain electrode
175b is connected to the drain region 153b through the
fourth contact hole 64 formed in the first insulating layer
160 and the gate insulating layer 140.
[0117] The first gate electrode 154a and the second
semiconductor layer 157b according to the embodiment
may be disposed between the buffer layer 111 and the
gate insulating layer 140. The first gate electrode 154a
and the second semiconductor layer 157b are disposed
on the same layer. The first gate electrode 154a and the
second semiconductor layer 157b may include the same
material, and may be formed through the same manu-
facturing process.
[0118] The first gate electrode 154a and the second
semiconductor layer 157b include polycrystalline silicon.
In addition, the source region 152b and the drain region
153b of the second semiconductor layer 157b and the
first gate electrode 154a may be doped with impurities
in polycrystalline silicon.
[0119] Since the first gate electrode 154a may be si-
multaneously formed in the process of forming the sec-
ond semiconductor layer 157b, a separate gate electrode
forming process is not required, and thus a process there-
for may be simplified.
[0120] Although the present specification shows the
configuration in which the light emitting diode is connect-
ed to the first transistor Ta in FIG. 3, the present invention
is not limited thereto, and the light emitting diode may be
connected to the second transistor Tb.
[0121] Hereinafter, it will be described with reference
to FIG. 4. Referring to FIG. 4, auxiliary metal layers 126a
and 127a are disposed on the first semiconductor layer
157a disposed in the first area PA. The first insulating
layer 160 is disposed on the auxiliary metal layers 126a
and 127a.
[0122] The first source electrode 173a and the first
drain electrode 175a are disposed on the first insulating
layer 160. The first source electrode 173a is connected
to the auxiliary metal layer 126a through the first contact
hole 61 formed in the first insulating layer 160. The first
drain electrode 175a may be connected to the auxiliary
metal layer 127a through the second contact hole 62
formed in the first insulating layer 160.
[0123] The auxiliary metal layers 126a and 127a may
be disposed on the same layer as the second gate elec-
trode 124b. The auxiliary metal layers 126a and 127a
and the second gate electrode 124b may be disposed
between the gate insulating layer 140 and the first insu-
lating layer 160.
[0124] Hereinafter, a manufacturing method of the dis-
play device according to the embodiment will be de-
scribed with reference to FIG. 5 to FIG. 8. FIG. 5, FIG.
6, FIG. 7, and FIG. 8 respectively illustrate a cross-sec-
tional view of a partial area of a display device according
to a manufacturing process.
[0125] First, as shown in FIG. 5, the substrate 110 in-
cludes the first area PA1 and the second area PA2. The

buffer layer 111 is disposed on the entire surface of the
substrate 110 so as to overlap the first area PA1 and the
second area PA2. In addition, the first semiconductor lay-
er 130a including an oxide semiconductor is formed in
the first area PA1.
[0126] Next, as shown in FIG. 6, the first gate insulating
layer 141 overlapping the entire surface of the substrate
110 is formed on the buffer layer 111 and the first sem-
iconductor layer 130a.
[0127] The second semiconductor layer 157b is
formed on the first gate insulating layer 141 disposed in
the second area PA2, and the first gate electrode 154a
is formed on the gate insulating layer 141 disposed in
the first area PA1. The first gate electrode 154a and the
second semiconductor layer 157b are formed on the
same layer.
[0128] The first gate electrode 154a and the second
semiconductor layer 157b include polycrystalline silicon.
In addition, the source region 152b and the drain region
153b of the second semiconductor layer 157b and the
first gate electrode 154a may be doped with impurities
in polycrystalline silicon.
[0129] Since the first gate electrode 154a may be si-
multaneously formed in the process of forming the sec-
ond semiconductor layer 157b, a separate gate electrode
forming process is not required, and thus a process there-
for may be simplified.
[0130] As shown in FIG. 7, the second gate insulating
layer 142 overlapping the entire surface of the substrate
110 is formed on the first gate electrode 154a, the second
semiconductor layer 157b, and the first gate insulating
layer 141. Then, the storage electrode 125a and the sec-
ond gate electrode 124b are formed on the second gate
insulating layer 142.
[0131] Next, as shown in FIG. 8, the first insulating lay-
er 160 overlapping the entire surface of the substrate 110
is formed. The first insulating layer 160, the second gate
insulating layer 142, and the first gate insulating layer
141 have the first contact hole 61 and the second contact
hole 62 exposing a portion of the first semiconductor layer
130a. In addition, the first insulating layer 160 and the
second gate insulating layer 142 have the third contact
hole 63 exposing a portion of the source region 152b and
the fourth contact hole 64 exposing a portion of the drain
region 153b.
[0132] Next, the first source electrode 173a, the first
drain electrode 175a, the second source electrode 173b,
and the second drain electrode 175b are formed on the
first insulating layer 160, and then the light emitting diode
connected to the first drain electrode 175a is formed,
thereby providing the display device as shown in FIG. 1.
[0133] Hereinafter, a display device according to an
embodiment will be described with reference to FIG. 9.
FIG. 9 illustrates an equivalent circuit diagram of one
pixel of a display device according to an embodiment.
[0134] As shown in FIG. 9, one pixel PX of the display
device according to the embodiment may include a plu-
rality of transistors T1, T2, T3, T4, T5, T6, and T7 con-
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nected to a plurality of signal lines 151, 152, 153, 154,
155, 156, 171, and 172, a storage capacitor Cst, and a
light emitting diode LED. Although a structure including
seven transistors and one capacitor is shown in the
present embodiment, the present embodiment is not nec-
essarily limited thereto, and the number of transistors
and the number of capacitors may be variously changed.
[0135] The transistors T1, T2, T3, T4, T5, T6, and T7
may include the first transistor Ta including an oxide sem-
iconductor and the second transistor Tb including poly-
crystalline silicon. The first transistor Ta may include a
driving transistor T1, a switching transistor T2, an oper-
ation control transistor T5, and a light emission control
transistor T6. The second transistor Tb may include a
compensation transistor T3, an initialization transistor
T4, and a bypass transistor T7, but is not limited thereto.
[0136] The signal lines 151, 152, 153, 154, 155, 156,
171, and 172 may include a first scan line 151, a second
scan line 152, a third scan line 153, an emission control
line 154, a bypass control line 155, an initialization volt-
age line 156, a data line 171, and a driving voltage line
172. The first scan line 151, the second scan line 152,
the third scan line 153, the emission control line 154, the
bypass control line 155, the initialization voltage line 156,
the data line 171, and the driving voltage line 172 may
be connected to one pixel PX.
[0137] The first scan line 151 may transmit a first scan
signal GW1 to the switching transistor T2, the second
scan line 152 may transmit a second scan signal GW2
to the compensation transistor T3, and the third scan line
153 may transmit a third scan signal GI to the initialization
transistor T4. In addition, the emission control line 154
may transmit an emission control signal EM to the oper-
ation control transistor T5 and the emission control tran-
sistor T6, and the bypass control line 155 may transmit
a bypass signal GB to the bypass transistor T7. Further,
the initialization voltage line 156 may transmit an initial-
ization voltage Vint that initializes the driving transistor
T1.
[0138] The data line 171 may transmit a data signal
Dm, and the driving voltage line 172 may transmit a driv-
ing voltage ELVDD.
[0139] A gate electrode G1 of the driving transistor T1
is connected to one end Cst1 of the storage capacitor
Cst, and a source electrode S1 of the driving transistor
T1 is connected to the driving voltage line 172 via the
operation control transistor T5. A drain electrode D1 of
the driving transistor T1 may be electrically connected to
an anode of the light emitting diode LED via the light
emission control transistor T6. The driving transistor T1
may receive the data signal Dm in accordance with a
switching operation of the switching transistor T2 to sup-
ply a driving current Id to the light emitting diode LED.
[0140] A gate electrode G2 of the switching transistor
T2 may be connected to the first scan line 151, a source
electrode S2 of the switching transistor T2 may be con-
nected to the data line 171, and a drain electrode D2 of
the switching transistor T2 may be connected to the

source electrode S1 of the driving transistor T1 and may
be connected to the driving voltage line 172 via the op-
eration control transistor T5. The switching transistor T2
may be turned on in response to the first scan signal
GW1 transmitted through the first scan line 151 to per-
form a switching operation to transmit the data signal Dm
transmitted to the data line 171 to the source electrode
S1 of the driving transistor T1.
[0141] A gate electrode G3 of the compensation tran-
sistor T3 may be connected to the second scan 152, a
source electrode S3 of the compensation transistor T3
may be connected to the drain electrode D1 of the driving
transistor T1 and may be connected to the anode of the
light emitting diode LED via the emission control transis-
tor T6, and a drain electrode D3 of the compensation
transistor T3 may be connected to the drain electrode
D4 of the initialization transistor T4, one end Cst1 of the
storage capacitor Cst, and the gate electrode G1 of the
driving transistor T1. The compensation transistor T3
may be turned on depending on the second scan signal
GW2 transmitted through the second scan line 152 to
connect the gate electrode G1 and the drain electrode
D1 of the driving transistor T1 to each other to diode-
connect the driving transistor T1. According to an exam-
ple, the second scan signal GW2 is a signal in which a
level of the first scan signal GW1 is inverted, and thus,
when the first scan signal GW1 is at a high level, the
second scan signal GW2 may be at a low level, while
when the first scan signal GW1 is at a low level, the sec-
ond scan signal GW2 may be at a high level.
[0142] A gate electrode G4 of the initialization transis-
tor T4 may be connected to the third scan line 153, a
source electrode S4 of the initialization transistor T4 may
be connected to the initialization voltage line 156, and a
drain electrode D4 of the initialization transistor T4 may
be connected to the one end Cst1 of the storage capacitor
Cst and the gate electrode G1 of the driving transistor
T1 via the drain electrode D3 of the compensation tran-
sistor T3. The initialization transistor T4 may be turned
on according to the third scan signal GI transmitted
through the third scan 153 to transmit the initialization
voltage Vint to the gate electrode G1 of the driving tran-
sistor T1 to perform an initializing operation to initialize
a gate voltage Vg of the gate electrode G1 of the driving
transistor T1.
[0143] A gate electrode G5 of the operation control
transistor T5 may be connected to the emission control
line 154, a source electrode S5 of the operation control
transistor T5 may be connected to the driving voltage line
172, and a drain electrode D5 of the operation control
transistor T5 may be connected to the source electrode
S1 of the driving transistor T1 and the drain electrode S2
of the switching transistor T2.
[0144] A gate electrode G6 of the emission control tran-
sistor T6 may be connected to the emission control line
154, a source electrode S6 of the emission control tran-
sistor T6 may be connected to the drain electrode D1 of
the driving transistor T1 and the source electrode S3 of
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the compensation transistor T3, and a drain electrode
D6 of the emission control transistor T6 may be electri-
cally connected to the anode of the light emitting diode
LED. The operation control transistor T5 and the emis-
sion control transistor T6 may be simultaneously turned
on according to an emission control signal EM transmit-
ted through the emission control line 154, thus the driving
voltage ELVDD may be compensated through the diode-
connected driving transistor T1 and then may be trans-
mitted to the light emitting diode LED.
[0145] A gate electrode G7 of the bypass transistor T7
may be connected to the bypass control line 155, a
source electrode S7 of the bypass transistor T7 may be
connected together to the drain electrode D6 of the emis-
sion control transistor T6 and the anode of the light emit-
ting diode LED, and a drain electrode D7 of the bypass
transistor T7 may be connected together to the initializa-
tion voltage line 156 and the source electrode S4 of the
initialization transistor T4.
[0146] The other end Cst2 of the storage capacitor Cst
may be connected to the driving voltage line 172, and
the cathode of the light emitting diode LED may be con-
nected to a driving voltage line 741 for transmitting the
common voltage ELVSS.
[0147] While this invention has been described in con-
nection with what is presently considered to be practical
embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and
scope of the appended claims.

Claims

1. A display device comprising:

a substrate;
a first transistor and a second transistor dis-
posed on the substrate and spaced apart from
each other;
a first electrode electrically connected to one of
the first transistor and the second transistor;
a second electrode overlapping the first elec-
trode; and
a light emitting layer between the first electrode
and the second electrode,
wherein the first transistor includes:

a first semiconductor layer on the substrate;
a first gate electrode on the first semicon-
ductor layer; and
a first source electrode and a first drain elec-
trode electrically connected to the first sem-
iconductor layer, and

the second transistor includes:

a second semiconductor layer on the sub-
strate;
a second gate electrode on the second sem-
iconductor layer; and
a second source electrode and a second
drain electrode electrically connected to the
second semiconductor layer, and

the first gate electrode and the second semicon-
ductor layer are on the same layer.

2. The display device of claim 1, wherein
the first gate electrode includes polycrystalline sili-
con doped with impurities.

3. The display device of claim 1, wherein
the second semiconductor layer includes polycrys-
talline silicon.

4. The display device of claim 1, wherein
the first semiconductor layer includes an oxide sem-
iconductor.

5. The display device of claim 1, wherein
the first transistor is connected to the first electrode.

6. The display device of claim 1, wherein
the display device further includes:

a buffer layer on the substrate; and
a first gate insulating layer on the first semicon-
ductor layer, and
wherein the first semiconductor layer is between
the buffer layer and the first gate insulating layer,
while
the second semiconductor layer and the first
gate electrode are on the first gate insulating
layer.

7. The display device of claim 6, wherein
the display device further includes a second gate
insulating layer on the second semiconductor layer
and the first gate electrode, and
wherein the second gate electrode is on the second
gate insulating layer.

8. A display device comprising:

a substrate;
a first transistor and a second transistor dis-
posed on the substrate and spaced apart from
each other;
a first electrode electrically connected to one of
the first transistor and the second transistor;
a second electrode overlapping the first elec-
trode; and
a light emitting layer between the first electrode
and the second electrode,
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wherein the first transistor includes:

a first semiconductor layer on the substrate;
a first gate electrode on the first semicon-
ductor layer; and
a first source electrode and a first drain elec-
trode electrically connected to the first sem-
iconductor layer, and

the second transistor includes:

a second semiconductor layer on the sub-
strate;
a second gate electrode on the second sem-
iconductor layer; and
a second source electrode and a second
drain electrode connected to the second
semiconductor layer, and

the first semiconductor layer and the second
gate electrode are on the same layer.

9. The display device of claim 8, wherein
the first semiconductor layer includes polycrystalline
silicon, and the second semiconductor layer includes
an oxide semiconductor.

10. The display device of claim 8, wherein
the second gate electrode includes polycrystalline
silicon doped with impurities.

11. The display device of claim 8, wherein
the display device further includes:

a buffer layer on the substrate;
an insulating layer on the second semiconductor
layer; and
a first gate insulating layer on the first semicon-
ductor layer, and
the second semiconductor layer is between the
buffer layer and the insulating layer, and the first
semiconductor layer is between the insulating
layer and the first gate insulating layer.

12. The display device of claim 11, wherein
the first gate electrode is on the first gate insulating
layer, and
the second gate electrode is between the insulating
layer and the first gate insulating layer.

13. A display device comprising:

a substrate;
a first transistor and a second transistor dis-
posed on the substrate and spaced apart from
each other;
a first electrode electrically connected to one of
the first transistor and the second transistor;

a second electrode overlapping the first elec-
trode; and
a light emitting layer between the first electrode
and the second electrode,
wherein the first transistor includes:

a first gate electrode on the substrate;
a first semiconductor layer on the first gate
electrode; and
a first source electrode and a first drain elec-
trode connected to the first semiconductor
layer, and

the second transistor includes:

a second semiconductor layer on the sub-
strate;
a second gate electrode on the second sem-
iconductor layer; and
a second source electrode and a second
drain electrode connected to the second
semiconductor layer, and

the first gate electrode and the second semicon-
ductor layer are on the same layer.

14. The display device of claim 13, wherein
the first gate electrode includes polycrystalline sili-
con doped with impurities.

15. The display device of claim 13, wherein
the first semiconductor layer includes an oxide sem-
iconductor.

16. The display device of claim 13, wherein
the second semiconductor layer includes polycrys-
talline silicon.

17. The display device of claim 13, further comprising
an auxiliary metal layer on the first semiconductor
layer,
wherein the auxiliary metal layer and the second gate
electrode are on the same layer.

18. The display device of claim 17, wherein
the auxiliary metal layer is between the first semi-
conductor layer and the first source electrode and
between the first semiconductor layer and the first
drain electrode.

19. The display device of claim 17, wherein
the auxiliary metal layer directly contacts the first
semiconductor layer.

20. The display device of claim 13, wherein
the display device further includes:

a buffer layer on the substrate; and
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a gate insulating layer on the buffer layer, and
the first gate electrode and the second semicon-
ductor layer are between the buffer layer and
the gate insulating layer.
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